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Abstract. We present a Lagrangian model-based technique to reconstruct ozone
profile and column in support of the interpretation of ozone lidar observations made
at the Arctic Lidar Observatory for Middle Atmosphere Research (ALOMAR).
High-resolution ozone profiles as well as column ozone are reconstructed locally
at ALOMAR, several times a day, regularly throughout the winter and spring of
1997/1998. The approach consists of calculating a large number of back trajectories
to determine the origin of air parcels above ALOMAR and of using satellite
observations to determine their ozone content. The blend of satellite observations
with limited spatial and temporal coverage, and global gridded meteorological data
is akin to a simplified form of data assimilation. The usefulness of the approach
is demonstrated by a systematic comparison between reconstructed and observed
ozone profiles and column and, in particular, their day-to-day variability. Abrupt

changes in reconstructed and observed profile shape are caused by polar vortex
displacements, deep intrusions of midlatitude air, or vortex edge filamentation.
Prominent laminae are seen in the spring, as the vortex breaks down. Short-lived,
large-amplitude total ozone peaks are seen in the model and observations, most
prominently in February and March, when they are in excess of 100 Dobson units.
They are shown to result from a combination of a lowering of isentropes in the
lowermost stratosphere and of advection of ozone-rich air from the base of the polar

vortex.

1. Introduction

Ground-based ozone lidars are now routinely used
to investigate dynamical and chemical processes affect-
ing the high-latitude lower stratosphere [Bird et al,,
1997; Hansen et al., 1997; Neuber, 1997]. The Arc-
tic Lidar Observatory for Middle Atmosphere Research
(ALOMAR) on the island of Andoya (69.3°N, 16°E)
in northern Norway is often located under the strato-
spheric polar vortex in winter. The observed ozone pro-
file and column are hence strongly variable owing to po-
lar vortex displacements, and to fine-scale filamention
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and lamination occurring near the vortex edge [Orsolini
et al., 1997; Manney et al., 1998; Hansen and Chipper-
field, 1999]. Owing to its location at the extremity of
the Atlantic storm track, a strong lower stratospheric
ozone variability is also induced by active weather sys-
tems and accompanying tropopause level fluctuations
[Allen and Reck, 1997; Orsolini et al., 1998a].

In the framework of the Third European Strato-
spheric Ozone Experiment (THESEO), we have col-
lected a series of ozone profiles at ALOMAR over the
winter and spring of 1997/1998. Lidar observations in
the Arctic are impaired by adverse weather conditions
and cloudiness. Only on 40 days, between November
20, 1997, and May 2, 1998, were observations taken.

The large variability of column ozone in the Arctic is
illustrated in Figure 1, which shows column ozone from
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Figure 1. Local total ozone evolution (in Dobson units) throughout the winter and spring of
1997/1998: measurements by the lidar at Andoya (triangles), by the Brewer spectrometer in
Tromso (diamonds), and 6-hourly predictions by the model at Andoya (solid line). The smooth
seasonal cycle (thin line) fitted to the long-term monthly mean Dobson spectrometer measure-
ments at Tromso (squares) is also shown. Time is labeled in Julian days.

late November 1997 to early May 1998, as determined
by the lidar instrument at Andoya (triangles) and by a
Brewer spectrometer located at Tromso (69.7°N, 19°E),
130 km away from Andoya (diamonds). While the
smooth seasonal cycle (thin line) fitted to the long-term
monthly mean Dobson spectrometer measurements at
Tromso (squares) shows maximum total ozone in March,
there are very large fluctuations on day-to-day or week-
to-week time-scales during the winter and spring of
1997/1998, as during any particular winter. Very low
column ozone values were observed throughout March
1998, for example. Similarly, the strong variability in
ozone lidar profiles is exhibited in Figure 2, which shows
lidar profiles as a function of potential temperature on
four neighbouring days in early March 1998 (thick black
line). The lidar measurements are averaged in 6-hour
time bins, centered on standard meteorological times
(0000, 0600, or 1800 UT). A large ozone-depleted lam-
ina is seen to appear between March 2 and 3, near 400
K. More details about these measurements and model
results will be provided in the rest of the paper, but
these observations motivate the modeling approach that
we followed.

We have developed an approach based on a back-
trajectory model to systematically reconstruct the ozone
profile at Andoya throughout the entire winter and
spring, in order to examine and understand the vari-
ability in ozone profile and column. While there have
been numerous observational and modeling studies on
lamination in ozone lidar profiles (see the above men-
tioned references), previous studies have rather focused
on case studies. ’

The method is then used to illustrate various phe-
nomena such as midlatitude intrusions or small-scale
laminations. Can the reconstructed profiles display as
much variability as observed, in the form of short-lived
laminae, for example? We also examine whether the
local day-to-day, or week-to-week, variations in column
ozone can be reconstructed. The method allows us to
discriminate as to whether large and rapid total column
ozone increases can solely be attributed to tropopause
lowering or whether they also involve horizontal advec-
tion of ozone-rich vortex air.

The model uses ozone observations from the 205-
GHz radiometer of the Microwave Limb Sounder (MLS)
instrument, aboard the Upper Atmosphere Research
Satellite (UARS) [e.g., Froidevaux et al., 1994]. This
profile reconstruction method uses backward trajectory
calculations in the spirit of the trajectory method of
Sutton et al. [1994]. It is used here to finely recon-
struct an ozone profile and its temporal development,
i.e., a vertical time slice at a given location.

The winter of 1997/1998 was on average character-
ized by higher temperatures and larger wave activity
than in preceding years. Despite a strong vortex be-
ing established in the first half of December, warming
episodes occurred in late December 1997, culminating
in a strong warming in early January 1998. After its
recovery, the vortex remained small in extent and un-
derwent final breakup after mid-March. The relatively
mild winter of 1997/1998 allowed study of pure ozone
transport, with insignificant effects due to ozone de-
struction activated by heterogeneous chemistry. Indeed,
little vortex-averaged ClO activation or H NOs destruc-
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Figure 2. Lidar and reconstructed ozone profiles on March 1-4. In order to better show the
low-level variability, the profiles are shown in ozone density rather than in mixing ratio (lidar,
thick black line; model at Andoya, dashed line; rodel box averaged, dotted line). Re-constructed
equivalent latitude profiles are also shown (equivalent latitude multiplied by 10, thin black line).
Lidar profiles are averaged in 6-hour bins, centered on standard meteorological times (0000, 0600

or 1800 UT).

tion were observed by MLS (M. Santee, personal com-
munication, 1999). Some localized high ClO blobs were
nevertheless observed over Scandinavia in late February.

There were also few occurrences of polar stratospheric
clouds at ALOMAR.

2. Modeling Approach

A reverse domain-filling trajectory model [Manney et
al., 1998; Orsolini et al., 1998Db] is used to compute is-
entropic, 8-day backward trajectories starting every 6
hour (0000, 0600, 1200, 1800 UT), in the vicinity of

ALOMAR for the period November 21, 1997, to May
1, 1998; 121 trajectories, each representing a parcel
of air, are initiated on a regular grid within a 4° by
4° box centered on ALOMAR. These trajectories are
calculated on 100 potential temperature (theta) levels
between 300 K and 635 K, i.e., from the tropopause
to near 25 km. In total, over 8 million back traject-
ories have been calculated. The winds themselves are
interpolated from 31 pressure level European Centre
Medium-Range Weather Forecast (ECMWF) analyses,
onto 12 theta levels between 300 K and 650 K.

Profiles are hence reconstructed by tagging the par-
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cels above Andoya, with ozone at the start of the back-
ward trajectory. The ozone initialization requires the
creation of an ozone ”catalogue”, whereby coarse three-
dimensional ozone fields can be looked up every 6 hours.
Prototype version 5 MLS data are used here. Froid-
evaux et al. [1996] described validation of an early
version (version 3) of MLS ozone data. The recent
version 5 of MLS data gives higher vertical resolution
than previous versions and shows smaller biases with re-
spect to correlative data in the lower stratosphere. The
MLS data are supplied at equal time intervals along
orbit tracks; for use here, these data have been grid-
ded at 4° latitude by 5° longitude by binning and tak-
ing a weighted average within the bins. Because the
MLS data are available only on 31 days, very irregu-
larly spaced, throughout the 5-month period that we
investigated, they have been mapped with respect to
equivalent latitude [e.g., Manney et al., 1999, and ref-
erences therein]. This mapping amounts to averaging
not along geographical latitudes, but rather along the
potential vorticity (PV) contours. The days when MLS
made observations are listed in Table 1. A simple lin-
ear time interpolation was used across the days when
MLS was not observing. MLS data are retrieved on
pressure surfaces, the lowest level being 100 mbar. The
MLS observations in potential temperature and equi-
valent latitude coordinates extend down to 375 K. As
this isentropic level can fall below 100 mbar, the 375 K
ozone is a mixture of observations as well as climatolo-
gical ozone data described by Froidevaux et al. [1996].
To compute ozone on theta levels below 375 K, a lin-
ear interpolation is carried out between the MLS ozone
value at 375 K and a value of 50 ppb assigned to the
tropopause level, as determined from the analyses.

At this point, one has generated a 6-hourly coarse
three-dimensional ozone field. The profiles derived from
this field over Andoya are hence smooth; they do not
reveal many of the layered structures that are frequently
observed by the lidar. Advection, however, generates
fine-scale structure from this smooth initial field. The
total ozone at Andoya calculated from this MLS-based
ozone compares poorly with observed total ozone, owing
to the lack of MLS observations below 100 mbar, where
ozone structures, e.g., filaments, have a strong impact
in the column ozone.

Whenever ozone is to be determined on a particular
theta level and at a location on a given day, the equi-
valent latitude of that location is calculated by using

Table 1. Days of MLS observations dur-
ing the Winter-Spring of 1997/1998.

MONTH DAY S
November  21,22,23,24,26,27,28,30
December 1,2
January 21,22, 31
February 1,2,3,5,6,7,9,10,11,21,22
April 16,17,18,19,30
May 1,2
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Figure 3. The time means over the winter and spring
of 1997/1998 of the lidar, reconstructed MLS, and
model ozone profiles at Andoya (in mixing ratio). Also
shown is a time mean winter profile determined from
ozonesondes launched from Andoya in the winters 1995
to 1999.

the analyzed potential vorticity. In addition to allow-
ing mapping of the MLS ozone, the equivalent latitude
at the start of the trajectories indicates the origin of the
air parcel above Andoya.

3. Measurements of Ozone Profile and
Column at Andoya and Tromso

An ozone lidar based on Differential Absorption Lidar
(DIAL) technique has been in operation at ALOMAR
since 1995. The technical characteristics are described
by Hoppe et al. [1995]. Ozone density is derived from
the differential absorption of the two wavelengths in an
aerosol-free atmosphere, after correction for Rayleigh
extinction. The lidar system allows the calculation of
an ozone profile from about 10 to 45 km within 1 hour.
The altitude sampling is 300 m; a minimum of five val-
ues are used to calculate the gradient in the differential
absorption profile. Tropospheric ozone is not calculated
owing to frequent presence of aerosol and thin cloud lay-
ers.

In order to derive total ozone values, the column
from the ground to the lowest lidar altitude accepted
(typically 10 km) is taken from the closest ozonesonde
measurement available, usually from Sodankyla (Fin-
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land) and, in some cases, from Andoya. Lidar data are
used up to typically 35 km; above that altitude, a con-
stant mixing ratio derived from the 30 to 35-km range
is assumed. Though this is a very crude assumption
(i.e., the mixing ratio reaches a maximum around 35
km and decreases rapidly above 40 km), it is sufficient.
The assumed average mixing ratio is smaller than the
maximum value, so that the overestimation above, say,
40 km compensates for the underestimation at the mix-
ing ratio maximum. The column from 35 to 50 km is
then calculated by using the air density derived from
the lidar backscatter profile.

In Tromso, total ozone has been measured on a regu-
lar basis for more than 60 years. In this study, we used
measurements made with a Brewer spectroradiometer
used for routine ozone monitoring.

4. Reconstructed Ozone Profiles

Figure 3 shows the time-mean lidar and reconstruc-
ted model profiles (in mixing ratio) over the winter and
spring of 1997/1998. For comparison, a time mean
winter profile determined from a set of 25 ozonesondes
launched from Andoya in the winters 1995 to 1999 and
a time mean profile near Andoya from the MLS-derived
" ozone catalogue”, i.e., before backward transport, are
shown as well. The modeled profiles and the MLS-
derived profiles slightly underestimate the lidar profiles,
throughout the 300 K-650 K layer, but especially be-
low 400 K. On the other hand, there is good agree-
ment between the lidar and ozonesonde profiles even
below 400 K. Referring back to Figure 2, the reconstruc-
ted ozone and equivalent latitude profiles are shown on
March 1 (OOOO UT), 2 (0600 UT), 3 (1800 UT), and
4 (O0O0OO0 UT), along with the lidar profiles. Both the
highly laminated reconstructed ozone profiles above An-
doya (dashed line) and the smoother box-averaged pro-
file around Andoya (dotted line) are shown on each day.
The equivalent latitude profile (thin line) has been mul-
tiplied by 10 to fit on the figure. The abrupt appear-
ance of a prominent ozone-depleted lamina near 400
K on March 3 is reproduced by the model, which fur-
ther indicates that midlatitude air (equivalent latitude
near 50) was advected above Andoya in that layer. The
overall shapes of the profiles, which change from day to
day, are reproduced, although many small model lam-
inae have different heights and magnitudes than the ob-
served ones. Laminae statistics will be examined in sec-
tion 6.

The high variability in model ozone profile at An-
doya is vividly illustrated by Plate 1, which shows the
‘time evolution of the model ozone profiles (in partial
pressure) throughout the 1997/1998 winter and spring.
As Andoya is often under the polar vortex, there is a
slow ozone buildup with time as inner vortex ozone in-
creases throughout winter owing to downward trans-
port. In the first part of the winter, the height of the
ozone maximum is near 440 K, but higher ozone values
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Figure 4. Histogram of the distribution of the equival-
ent latitude at 475 K. The corresponding time-series is
shown below the histogram.

are seen lower down later in the season. The fact that
many of the 8-day backward trajectories originate from
high latitudes is seen in Figure 4, which shows histo-
grams of the distribution of the equivalent latitude at
475 K throughout the simulation. The corresponding
time series is shown below the histogram. Parcels ori-
ginate most often from equivalent latitudes poleward of
65° N; they also originate from any latitude in the mid-
latitude surf zone. Rarely before late spring do parcels
originate from the subtropics (at 475 K). The intrusions
from midlatitudes are very sharply defined.

During lower-latitude intrusions, rapid changes in the
profile can occur in fact over the whole modeled layer.
Such intrusions bring high-ozone air above about 550
K, and low-ozone air under 550 K. Several such high-
ozone pulses are clearly seen in January or February,
for example, at 550 K near January 10 or February 12
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Figure 5. (top) Time evolution of the equivalent latitude (in degrees) reconstructed profile over
April 13-18, showing multiple, ascending, and then descending laminae, near 440 K and 490
K. (bottom) Lidar and reconstructed ozone profiles on April 15-16, 1998 in the same format as

Figure 1.

(Plate 1). The January 10 intrusion was also studied
by Morgenstern and Carver [1999].

After mid-March, as the vortex breaks down, the
ozone profiles are highly laminated. Numerous mul-
tiple laminae can be seen ascending or descending over
a few days. Laminae that rapidly ascend or descend
were first noticed in lidar observations by Orsolini et
al. [1997]. Such multiple laminae are caused by "sand-

wiched” layers originating from different latitudes mov-
ing above Andoya. This is clearly seen in Figure 5 (top)
which shows the time evolution of the equivalent latit-
ude reconstructed profile over April 13-18. On April
15 and near 490 K| parcels originate from midlatitudes
or subtropical latitudes, while in the bottom layer they
originate at high equivalent latitudes, i.e., in the vor-
tex, and have high ozone (see also Plate 1). Such mul-
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tiple laminae were also observed by the lidar near April
15-16, 1998 (Figure 5) (bottom). There is a vertical
offset between the modeled and observed structures, as
model studies often reveal [Manney et al., 1998], but
the observed maximum/minimum pair at 470 K/510 K
on April 15 (OOOO UT) has clearly descended by April
16 (1800 UT).

5. Reconstruction of Column Ozone

In addition to reconstructing the ozone profile, we
have calculated the 6-hourly model column ozone, using
the analyzed pressure on the isentropes. A tropospheric
contribution to total ozone of 30 Dobson Units (DU) is
added. The contribution to column ozone from layers
above 635 K is computed from the MLS daily mean
observations, which extend to the stratopause. This
contribution may amount from 20 to 50 DU.

Referring back to Figure 1, it can be seen that the
model (thin line) reproduces the total ozone evolution
throughout the winter and spring of 1997/1998: i.e.,
low values in early winter, high values in spring, and
most remarkably, many fluctuations on day-to-day or
week-to-week scales. Note the ozone drop in March.

Sharp total ozone peaks lasting 1-3 days are seen in
the model (Figure 1), some largely in excess of 100 DU,
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especially in February and March. Lidar-derived total
ozone values show at times sharp peaks (i.e. near day
55); the Brewer spectrometer also shows peaks of sim-
ilar magnitude. The two most prominent ones in the
model occurred on Julian days 46 and 61, i.e., February
15 and March 2 (see Figure 1). Very high total ozone,
close to 500 DU, on Julian day 46 coincides with a pro-
nounced lowering of low-level isentrope. This is clearly
shown in Figure 6, where the pressure (in mbar) on the
300 K isentrope and total ozone are shown for January-
February-March 1998. The mean equivalent latitude
in the layer 300-420 K is also shown. In the midlatit-
udes, total ozone variability on synoptic time-scales is
strongly related to storm track activity [Orsolini et al.,
1998a] The ozone peaks found in the Andoya time series
fits in the classical picture of depressed (elevated) tro-
popause being associated with high (low) total ozone:
many of the model ozone peaks (Figure 6) coincide
nicely with a lowered isentrope at 300 K. The amplitude
of these peaks is modulated throughout spring/winter:
they grow in amplitude from early December, reach
maximum amplitude in February-March, and then de-
cay (Figures 1 or 6). The lowered isentropes and as-
sociated high potential vorticity anomaly further coin-
cide with high ozone mixing ratios in the lowermost
levels. It is indeed in February that the ozone buildup
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Figure 6. (top) Pressure (mbar) on the 300 K isentrope, (middle) model total ozone and
(bottom) mean equivalent latitude in the layer 300-420K for January-February-March 1998. High
ozone peaks coincide with lowering of the 300 K isentrope and high equivalent latitude above

Andoya.
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maximized at the bottom of the vortex: ozone mixing
ratios between 425 K and 375 K from MLS were max-
imum in the first half of February, with the caveat that
there were no MLS observations in March (Table 1). A
notable exception to this simple paradigm occurs near
March 2 (near Julian day 61), when the highest modeled
column ozone was found. The 300 K isentrope was not
extremely low; examination of Plate 1 shows that high
ozone was then found in the entire lower stratosphere
over a thick layer. This ozone peak was hence character-
ized by advection of ozone-rich air from high equivalent
latitude over a deep layer, and the mean ozone content
of the 300-375 K layer was the highest of the simulated
period. The fact that there are few lidar observations
during the model ozone peaks is consistent with the
fact that they are associated with low tropopause and
hence surface lows and enhanced cloud cover. On the
opposite, low column ozone seen on several occasions
between Julian days 70 and 90 can also be seen to be
associated with periods of elevated 300 K isentrope and
advection of air masses characterized by low equivalent
latitude (Figure 6) and low ozone (see Plate 1 below
420 K, partial pressure between 6 and 15 mPa in blue
shading).

6. Lamination Statistics

The frequency of occurrence and the mean amplitude
of ozone laminae were examined in both lidar and re-
constructed profiles. Laminae are hereinafter defined in
a manner similar to that of Pierce and Grant [1998], i.e.,
fluctuations in the ozone mixing ratio exceeding 5% of
the local mean ozone mixing ratio, with a vertical scale
less than 2.5 km. A perturbation profile is obtained by
substracting a mean vertical profile from the model or
lidar profile.

The ozone is retrieved from the lidar every 300 m in
the lower stratosphere, but its effective vertical resolu-
tion is 1.5 km. The laminae frequencies and amplitude
were computed as a function of height and later conver-
ted to a mean potential temperature scale. The lidar
profiles represent averages over several hours, typically
2 to 6, of observations. On the other hand, model pro-
files are expressed as a function of potential temperat-
ure and have an approximate resolution of 140 m (100
theta levels between approximately 9 km and 23 km).
The model profiles were smoothed down to the lidar ef-
fective resolution. In Figure 7, a model profile for April
16, 1998 (1800 UT) is shown (thick solid line), along
with the mean vertical profile (dashed-dotted line), the
perturbation profiles (thin solid line) and the threshold
values (dashed line). The circles at values of 1 or 0
indicate at which heights the laminae were counted or
not on that specific day: i.e., the major multiple lamina
was counted near 400 K-475 K and several smaller ones
below 400 K. The counting algorithm searches for lam-
inae, rich or poor in ozone. Sharp "cliffs” in the ozone
profile can be counted as a pair of laminae.
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Figure 7. Model ozone profile (mixing ratio in ppmv)
for April 16, 1998 (1800 UT) (thick solid line), along
with the mean vertical profile (dashed-dotted line), the
perturbation profiles (thin sodid line), and the threshold
values (dashed lines). The circles at values of 1 or 0
indicate at which levels the laminae were counted or
not.

Normalized frequency (f) of occurrence and mean
amplitude are plotted as a function of potential temper-
ature in Figure 8. A value of f equal to 0.4 indicates that
40% of the soundings display a lamina at that height.
The mean amplitude is scaled by the mean ozone mix-
ing ratio at that height.

Pierce and Grant [1998] analyzed a record of ozone
sondes from a midlatitude site (Wallops Islands) and
found that laminae were induced by both large-scale
motions and by gravity waves. They were most: abund-
ant near 14-16 km (375 K-400 K). Averaged over winter
and spring, laminae in excess of 10% of the local mean
ozone had maximum frequency of occurrence of about
60% and a mean amplitude at about 10-15%. Bird et
al. [1997] also estimated maximum lamination near 14-
16 km in ozonesondes launched in the Canadian Arctic
(80° N). From Figure 8, it appears that the lidar ob-
servations are consistent with maximum lamination in
the layer 375 K-400 K. The mean occurrence and amp-
litude in the lidar profiles are less than those calculated
by Pierce and Grant [1998], but more vertical structures
are normally resolved by ozonesondes (vertical resolu-
tion of 50 m) than by the lidar. They estimated from
the ozonesondes that laminae frequencies decreased be-
low the 14-16 km maximum, especially in early winter.
Our lidar measurements do not allow us to reliably ex-
amine laminations below 375 K. The model estimates
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Figure 8. Laminae statistics for the winter and spring
of 1997/1998: frequency of occurrence, normalized to 1,
and laminae mean amplitude, scaled by the mean ozone
mixing ratio, as a function of potential temperature,
shown for the lidar observations (dotted lines), and the
model (solid lines).

of laminae abundance and amplitude (Figure 8, solid
line) only account for laminae induced by large-scale
motions, as transport is isentropic and relies on ana-
lyzed winds. They are in rough agreement with the
lidar estimates, but there seems to be enhanced lam-
ination in the model near 400 K. The model laminae
increase in amplitude and frequency below the 375-400
K layer, unlike the findings based on ozonesondes from
Pierce and Grant [1998], Bird et al. [1997], or Reid and
Vaughan [1991].

7. Discussion and Conclusions

Stratospheric ozone variability over the Arctic is large
in winter and spring, from day-to-day to month-to-
month scales. Ozone observations are, however, difficult
to make especially in the Arctic winter. Ozone lidar ob-
servations are impaired by cloud cover and bad weather.
Satellite determination of column ozone from reflected
solar radiation is not possible in the polar night. The ur-
gency to estimate the magnitude of Arctic ozone deple-
tion has nevertheless increased the extent of the ground-
based monitoring of stratospheric ozone in recent years.

Using meteorological analyses and global, but coarse
and infrequent, MLS satellite observations, we have de-
veloped a modeling approach to reconstruct locally at
Andoya, daily-varying ozone profiles and column. By
"filling in” the temporal continuity of the ground-based
observations, Lagrangian techniques help better under-
standing of the observed ozone variability.

To demonstrate the usefulness of this approach, a
comparison has been made between reconstructed and
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observed ozone profiles, both time-mean and fluctu-
ations, as well as total column.

As to total ozone, the continuous reconstructed time
series over the winter and spring of 1997/1998 inter-
cepts remarkably many of the scattered lidar estima-
tions. Ozone peaks are seen in the model, lasting 1
to 3 days, in association with lowered isentropes near
the tropopause and advection of ozone-rich air from
the base of the vortex. A pattern of intensifying ozone
peaks as the season progresses, culminating in Febru-
ary and March, is seen in both observation and model,
although the model peaks seem to be more intense.

Laminae, i.e. thin layers typically less than 2-3 km,
are produced in the model. The formation of ascending
or descending laminae by large-scale advection is also
captured. Their statistics in the model are in reasonable
agreement with the lidar observations, except below 350
K, where the model produces more laminae. This might
be due to the need of calculating three-dimensional dia-
batic trajectories near the tropopause.

However, filaments or laminae can be offset in alti-
tude or time, with respect to observations, as commonly
observed in such model studies [Fairlie et al., 1997;
Manney et al., 1998]. It is difficult for the model to
exactly position these small vertical structures. Poten-
tial sources for these discrepancies are the cumulative
effect of errors in the wind fields, dependency on the
length of the back trajectory and initialization tech-
niques. The reconstructed ozone and, in particular, the
column might show strong sensitivity to the initializa-
tion, which relies here on few observation points in both
time and height.

Lagrangian methods such as the one presented in this
paper are more and more used for interpretation and
validation of satellite and ground-based observations.
Further improvements to the method will be sought in
the future. Improvement in the initial ozone data could
be brought by combining data from different sources,
such as various satellite instruments, ozonesondes, or
aircraft observations. It is in the lowermost strato-
sphere that the initialization needs to be improved, as
the MLS observations do not extend below about 14 km
and hence had to be extrapolated downward.
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